Background Objective quantification of physical activity (PA) is needed to understand PA and sedentary behaviors in bariatric surgery patients, yet it is unclear whether PA estimates produced by different monitors are comparable and can be interpreted similarly across studies. Methods We compared PA estimates from the Stayhealthy RT3 triaxial accelerometer (RT3) and the Sensewear Pro 2 Armband (SWA) at both the group and individual participant level. Bariatric surgery candidates were instructed to wear the RT3 and SWA during waking hours for 7 days. Participants meeting valid wear time requirements (≥4 days of ≥8 h/day) for both monitors were included in the analyses. Time spent in sedentary (<1.5 METs), light (1.5-2.9 METs), moderate-to-vigorous (MVPA; ≥3.0 METs), and total PA (TPA; ≥1.5 METs) according to each monitor was compared.
Introduction
The role of physical activity (PA) for optimizing bariatric surgery outcomes has been receiving growing attention [1, 2] . Results from studies using questionnaires to assess PA suggest that patients who report higher PA levels postoperatively [3] and greater pre-to postoperative increases in the amount [4, 5] or intensity [6] of PA achieve more successful weight loss outcomes. However, self-report measures of PA typically overestimate actual PA in obese individuals [7, 8] , including those who have undergone bariatric surgery [9] . Consequently, objective monitors are increasingly being used to obtain more precise estimates of the amount and patterns of PA in bariatric surgery patients.
To date, three different types of objective monitors have been incorporated in studies of PA among individuals undergoing bariatric surgery: pedometers [4, 10] , accelerometers [9, [11] [12] [13] , and the Sensewear Pro 2 Armband [14, 15] . Pedometers count steps taken by detecting hip movement during ambulation but typically do not allow for the duration and intensity of activities to be determined [16] . For this reason, accelerometers and armbands, although more costly, may have a distinct advantage over pedometers given their capacity to capture minute-byminute energy expenditure data. Accelerometers are worn on the waist and use microelectronic sensors to measure changes in velocity across multiple planes of movement (vertical, anterposterior and/or lateral), thus allowing for the quantification of time spent in sedentary, light, moderate, and vigorous intensity PA [16] . In addition, although not formally tested, it has been suggested that a newer monitoring technology, the Sensewear Pro 2 Armband (SWA) , may improve the accuracy of measuring PA by combining accelerometry with a unique combination of sensors that assess various physiological parameters (i.e., heat flux, galvanic skin response, skin temperature, and near body temperature).
Given the increasing use of objective monitors to assess PA in bariatric surgery patients, it is important to know whether data provided by different monitors, particularly those that are worn on different locations on the body, are comparable and can be interpreted similarly across studies. Thus, the purpose of this study was to evaluate agreement between the waist-worn Stayhealthy RT3 (Stayhealthy, Monrovia, CA) triaxial accelerometer and Sensewear armband at the group and individual level in time spent in sedentary, light intensity PA, moderate-to-vigorous intensity PA (MVPA), and total physical activity (TPA) among bariatric surgery patients preoperatively. Additionally, we assessed whether adherence to minimal wear time requirements differed by monitor. Findings from this study will provide enhanced understanding of PA patterns among bariatric surgery patients and could help future investigators to make more informed decisions when designing studies to assess PA in this population.
Materials and Methods

Participants and Procedures
Seventy-nine severely obese individuals (BMI≥35 kg/m 2 ) presenting for bariatric surgery were recruited to participate in this study during their surgical consultation visit. Participants had to be ambulatory, non-smokers, and between the ages of 18 and 65. After informed consent was obtained, participants had their height and weight measured and completed a demographics questionnaire. These data were used to program the Stayhealthy RT3 accelerometer (RT3) and the Sensewear Pro 2 Armband (SWA) for each individual. Participants were then fitted with these two monitors and instructed to wear them during all waking hours (except while bathing or swimming) for seven consecutive days. Study procedures were approved by The Miriam Hospital Institutional Review Board (Providence, RI) and participants were compensated $15 for participation in this study.
Objective Physical Activity Monitors
Stayhealthy RT3 The RT3 triaxial accelerometer (Stayhealthy, Inc, Monrovia, CA) was chosen given its use in both largescale clinical weight loss trials [17, 18] and studies of PA in bariatric surgery patients [9, 12] . This monitor is similar in size to a pager, worn on the waist, and assesses PA by detecting movement in the vertical, horizontal, and anterior-posterior planes and converting these data into counts. Count values are then incorporated into proprietary algorithms, and a metabolic equivalent (MET) is calculated for each minute the monitor is worn. METs are a method of expressing exercise intensity as a ratio of the energy cost of an activity compared to resting metabolic rate (RMR). Therefore, 1 MET is considered as the RMR, and 3 METs represent any activity that has an energy cost that is three times greater than RMR and is equivalent to moderate-intensity PA.
Sensewear Pro 2 Armband
The SWA (BodyMedia, Pittsburgh, PA) is worn on the back of the upper right triceps and assesses PA using a biaxial accelerometer and a unique combination of heat sensors (heat flux, galvanic skin response, skin temperature, and near body temperature). Data collected through these sensors is integrated into proprietary algorithms to provide minute-by-minute estimates of energy expenditure, assigning a MET value to each minute the monitor is worn. Energy expenditure estimates produced by the SWA have previously been shown to be valid when compared to indirect calorimetry [19] and doubly labeled water [20] in adult populations. In addition, when time spent in MVPA was assessed by indirect calorimetry and three different activity monitors, the mean difference between the SWA and indirect calorimetry was small (1.1 min of a 120-min exercise bout) and less than that seen with the other monitors [21] . The SWA has also been used to assess PA and sedentary behaviors in severely obese cohorts, including bariatric surgery patients [14, 15, 22, 23] .
Assessment of Wear Time and Quantification of Physical Activity
The Sensewear® Professional software (Version 6.1) and the Stayhealthy Software were used to calculate SWA and RT3 wear time, respectively. RT3 wear time was determined by taking 1,440 min (total number of minutes in a day) and subtracting any periods of non-wear time, defined as any period ≥30 consecutive minutes of zero counts (permitting intervals of up to 2 consecutive minutes registering 1-100 counts/min). SWA wear time was provided directly via the computer software.
The Sensewear® Professional software (Version 6.1) and the Stayhealthy Software were also used to calculate the number of days and hours participants wore the SWA and RT3, respectively. Time spent in sedentary activities (<1.5 METs) and light (1.5 to <3.0 METs), moderate-to-vigorous (MVPA; ≥3.0 METs), and total (TPA; ≥1.5 METs) PA were expressed in minutes and also as a percentage of total wear time. Moderate-to-vigorous intensity PA is equivalent to activities such as brisk walking or bicycling, whereas light PA is similar to easy household chores. Only those participants meeting valid wear time requirements (≥4 days and ≥8 h/day) were included in the analyses. In addition, only days in which the monitor was worn for ≥8 h were used when processing the data.
Statistical Analysis
Descriptive statistics were generated and expressed as mean±standard deviation for continuous variables and as a proportion for categorical variables. Paired sample t tests were used to examine differences in wear time, sedentary behaviors, light, MVPA, and TPA between monitors. A Bland-Altman plot was developed to determine the individual level of agreement in TPA between the SWA and RT3. Analyses were performed using SPSS for Windows (14.0).
Results
Participants
Seventy-nine bariatric surgery candidates were instructed to wear the RT3 and SWA during waking hours for 7 days. A similar number of participants met the minimal wear time requirements (≥4 days of ≥8 h of wear time per day) for the RT3 (n=64; 81%) and SWA (n=69; 87%; p>0.05). To appropriately compare the monitors in time spent in PA and sedentary behaviors, only those participants who met valid wear time requirements for both instruments (n=61; 77% of sample) were included in subsequent analyses. An additional six participants were excluded because they wore one of the two monitors during non-waking hours (defined by ≥18 h/day). Subsequent analyses focus on the remaining 55 participants. Eighty-five percent of these participants were female, they averaged 42.8±9. Level of Agreement Between SWA and RT3 at Individual Level Figure 1 illustrates the individual differences in total PA as assessed by each monitor. The mean difference in TPA between SWA and RT3 was 7.2 minutes; however, the mean absolute error (computed using the absolute value of the discrepancy between monitors) was 45.6±45.4 min, and the relative difference ranged from −165 to 197 min. The two monitors estimated TPA to be within 15, 30, and 60 min of one another 29%, 53%, and 76% of the time, respectively. In 60% of participants, the RT3 produced higher estimates of TPA. To evaluate systematic bias, a Bland-Altman plot was generated for TPA (Fig. 2) . The correlation between the average in TPA and the difference in TPA between the RT3 and SWA was r=−0.106 (p=0.44), suggesting that the bias between monitors was not related to TPA minutes.
Discussion
Given the importance of quantifying physical activity in bariatric surgery patients as well as the rapidly emerging field of objective physical activity measurement, it is important to determine whether PA estimates produced by different objective monitors are comparable and can be interpreted similarly across studies. This study utilized two increasingly popular PA monitors, the RT3 accelerometer and the Sensewear Pro 2 armband, and found that at the group level, both monitors provided similar estimates of time spent in sedentary, light, MVPA, and total PA. However, concordance between the monitors at the individual level varied significantly, with the RT3 reporting higher estimates of total PA approximately 60% of the time. While it has previously been shown that self-reported and objectively measured PA estimates differ considerably in bariatric surgery patients [9] , the current study is the first to examine if there are differences in PA estimates between two different objective PA monitors in a bariatric surgery population. The RT3 accelerometer has been used to assess PA in a free-living environment within several large-scale studies [17, 18] ; however, some investigators suggest that hip-mounted accelerometers cannot capture highly static activities or complex movement patterns [24, 25] . Therefore, the Sensewear armband may be advantageous because it is worn on the upper arm and incorporates physiological parameters as well as accelerometry [25] . However, findings from the current study suggest that the RT3 and SWA provided similar estimates of PA for the sample as a whole, with only small differences in daily time spent in sedentary, light, MVPA, and TPA between monitors. On average, participants spent approximately 20% of their day at a MET level ≥1.5 METs, and total physical activity was approximately 7 min higher when assessed via the RT3 compared to the SWA.
Although our findings suggest that these monitors are in agreement at the group level, we found greater variability in estimates at the individual level, with differences between monitors for TPA ranging from −165 min (SWA higher) to 197 min (RT3 higher). This large degree of individual variability between the RT3 and SWA is consistent with other studies comparing different objective monitors in a non-surgical population [26, 27] and reflects a short-coming in the use of such monitors to measure PA. Reasons for varying estimates between the SWA and RT3 are unclear. It is possible that the two monitors incorporate different estimates of resting energy expenditure, which subsequently alter MET values. However, we do not have access to proprietary algorithms to confirm this information. Another explanation is that the monitors may be picking up extra movement or too little movement due to differences in monitor location (e.g., upper arm vs. waist-mounted) or as a result of wear-related issues associated with excess body weight. Further validation studies for both monitors in a severely obese population are needed. However, taken as a whole, our data suggest that for research purposes and for quantifying PA at a group level in a bariatric surgery population, both the SWA and RT3 will provide equivalent estimates of PA and sedentary time. However, when dealing with individual patients in clinical practice, using these monitors to measure PA may be more of a concern given the large individual variability seen between monitors.
From a feasibility standpoint, it is important to choose a PA monitor that is acceptable for wear by the participant to ensure that sufficient data is collected to perform necessary analyses. It has previously been suggested that ≥4 days of ≥ 8 h/day is an adequate minimum wear time threshold when assessing daily activity patterns in groups of individuals [28] . This study is the first to demonstrate that bariatric surgery candidates are equally compliant to wearing the RT3 and SWA with 81% and 87% of participants, respectively, achieving the minimum acceptable wear time. Furthermore, the criterion of ≥1 valid day has previously been employed in large population studies [23, 29] . When our data were analyzed using this criteria, 91% and 95% of participants met the criteria for the RT3 and SWA, respectively. Together, these data demonstrate that both monitors have satisfactory rates of compliance, especially considering that participants received little compensation for participation in this study, and they were not invested to the researchers as is the case with intervention studies.
Our findings build upon the growing research in the area of assessing PA in a bariatric surgery population using objective measures. A major strength of this study is that it is the first to compare two PA monitors in their ability to measure PA and sedentary time in a free-living environment. However, this study is limited by the fact that it was not a validation study, and we are therefore unable to determine which monitor is most accurate. A validation study would be nearly impossible to conduct under freeliving conditions given that doubly labeled water methods can not differentiate sedentary, light PA, and MVPA, and indirect calorimetry is impractical. However future labbased studies are needed to determine the validity of these monitors during various types of sedentary, light, and moderate-to-vigorous intensity activities, in both surgical and non-surgical obese populations. Additionally, although adherence to wear time requirements was adequate, it is unclear why some participants did not wear each monitor for the full 7 days. It is possible that they simply forgot to wear the monitor or it may have been uncomfortable or restricting to wear. However, given that research has previously demonstrated that surgical patients tend to exhibit poor compliance with behavioral recommendations [30] , the fact that over 80% of the sample met the wear time requirements for one of the two monitors is encouraging for future research. Future studies should begin to examine the validity of these monitors in a severely obese cohort by comparing RT3 and SWA-assessed estimates of PA against indirect calorimetry during different types of PA. Such studies could lead to the development of algorithms that are specific to a severely obese population which could potentially reduce some of the individual variability seen between PA monitors. In addition, qualitative data should be collected to examine individual preferences for wearing a waist-mounted monitor versus a monitor that is worn on the arm.
In conclusion, this study showed that the SWA and RT3 provide similar estimates of physical activity at the group level, but concordance between these monitors may be compromised when examining estimates at the individual level. Our findings suggest that PA and sedentary time in a bariatric surgery population can be compared across studies when either of these monitors is utilized. Although the location where the monitor is worn differed (waist vs. upper arm), time spent in various activity categories remained the same. Thus, as the use of objective PA monitors become increasingly utilized, these data will inform future research efforts by contributing to our knowledge surrounding the acceptability of these monitors in a severely obese population. Furthermore, these findings will enhance our understanding of PA and sedentary behaviors in a surgical Fig. 2 Bland-Altman plot of total daily physical activity measured by the Sensewear Pro Armband (SWA) and Stayhealthy RT3. Total physical activity is defined as activities of light intensity or higher (≥1. 5 METs) population and allow investigators to make more informed decisions when choosing a PA measurement tool.
